An experiment was conducted to evaluate the effects of either a low-fat (8% of total calories) or high-fat (47% of total calories) diet on Large White breeder females maintained at a constant (21 C) or a cyclic temperature regimen (12 to 27 C). Each diet was fed to 32 hens individually caged in the cyclic condition and 46 in the constant condition. Energy consumption, reproductive performance, and in vitro lipogenesis were monitored for hens subjected to both temperature and dietary treatments. Hens consumed more (P<.05) dietary energy when maintained at a constant temperature or when fed the low-fat diet. Hens also produced more (P<.05) eggs when maintained under cyclic temperature conditions, although this observation was tempered by the fact that fewer hens were broody. More (P<.05) of the fertile eggs from hens held at the cyclic temperature resulted in live poults. The high-fat diet decreased (P<.05) in vitro lipogenesis in hens and may also decrease the maintenance energy requirement by providing a preformed fatty acid pool for egg lipids. The high-fat also decreased (P<.05) liver lipid and the activities of fatty acid synthetase and malic enzyme.
INTRODUCTION
and Jones et al. (1974) reported that environmental temperatures of 35 to 36 C depressed pullet weight gain when compared with 10 to 12 C. Earlier work (Howes et al., 1961) demonstrated that egg production was depressed when hens were maintained at temperatures greater than 37 C. In contrast, neither Bray and Gesell (1961) nor Miller and Sunde (1975) reported any effect of temperature on the reproductive performance of Leghorn hens maintained at temperatures ranging from 6 to 30 C.
Research is scarce concerning the adaptation of the turkey hen to varying environments. Cherms et al. (1976) found significant environmental influences on reproductive performance and one must assume that nutrient x environmental interactions in the turkey paralleled those of the chicken. The purpose of the research in the present report was to examine the response of breeder turkey females maintained at constant or cyclic temperatures to either a high-fat or low-fat diet. We were particularly interested in the regulation of lipid metabolism by dietary energy and the possible role of the hen's environment in the subsequent parameters of her lipid metabolism.
MATERIALS AND METHODS

Animals.
Nicholas Large White turkey females from an August hatch were reared on 30, 26, and 19% protein diets from 0 to 4, 4 to 12, and 12 to 26 weeks of age, respectively. The prebreeding diet contained 15% protein and was fed from 26 to 30 weeks. From 19 to 30 weeks, the females were restricted to 6 hr of light. At 30 weeks of age a total of 156 hens were selected for this study. Ninety-two hens were transferred to individual cages in an environmentally-controlled room maintained at 21 C and 50% dew point. Also, 64 hens were transferred to individual cages in four environmental chambers (Ota and Whitehead, 1975) and maintained on a 24-hr cycle of temperatures ranging from 12 to 27 C. This range was chosen because the average gradual increase and decrease in temperature (1.25 C per hr), if plotted against time, gave an area under a curve approximately equal to that attained by a constant temperature (21 C). Eight hens in each chamber were fed each of two diets. One-half of all hens were fed a diet formulated to contain a nominal amount of energy as fat (8% of total metabolizable energy) while the other half of the hens were fed a diet containing 47% of the total metabolizable energy as fat (Table 1) . Both diets were calculated to contain 17% protein. Feed and water were allowed ad libitum. At 30 weeks of age, the hens were exposed to a 14-hr light (L) and 10-hr dark (D) cycle. All hens were inseminated three times with .05 ml of diluted semen (1:2) during the first week of egg production (33 weeks) and at weekly intervals thereafter. The lighting schedule was modified to 16L:8D after 8 weeks of egg production.
Egg collection began at the onset of 50% overall egg production for all groups and continued for 100 days. Eggs were stored at 13 C and 50% dew point until set on a weekly basis. After 7 days of incubation, the eggs were cnadled and fertility was recorded. Following the completion of incubation, the number of poults was recorded and expressed as a function of the number of fertile eggs. Feed consumption for each hen was determined on a weekly basis.
In Vitro Metabolic Studies. At the end of the experiment, eight hens were selected from each dietary treatment group within the environmental regimens. Hens were selected from those still producing eggs at this point and killed by cervical dislocation. The liver was rapidly excised, weighed, and divided into halves. One-half was rapidly frozen and stored at -80 C until analyzed for composition (Folch et al, 1957) . The remaining half was placed in a warm solution of 50 mM phosphate-buffered saline (pH 7.4) until utilized for in vitro metabolic studies.
A portion of the fresh liver was sliced (50 to 75 mg), and duplicate slices were incubated in 25-ml Erlenmeyer flasks containing a balanced salt solution (Hanks and Wallace, 1949) supplemented with 10 mM HEPES (N-2-hydroxyethylpiperizine-N-ethane sulfonic acid) and 20 mM (2-14 C) sodium acetate (specific activity of 37 dpm/nmol). Duplicate slices were also placed in a medium containing .3 ml of 6 N sulfuric acid (H2SO4) to measure nonmetabolic production of carbon dioxide (CO2) or fatty acids. All flasks were placed in a Dubnoff 2 metabolic shaker at 37 C for 2 hr. After 2 hr, .1 ml of 25% potassium hydroxide was injected onto filter papers in the center well of each flask, and .3 ml of 6 N H2SO4 was injected into the medium to stop metabolic processes and release C0 2 -The incubation was continued for an additional hour to ensure adequate trapping of C0 2 . The slices were extracted for 24 hr with 2:1 chloroform:methanol and fatty acids extracted according to Folch et al. (1957) . Fatty acids were extracted with hexane, dried, dispersed in Scintiverse, 2 and counted by liquid scintillation spectroscopy.
The portion of the liver remaining after slicing was homogenized in 100 mM phosphate (pH 7.5) containing 3.3 mM mercaptoethanol and centrifuged at 50,000 X g for 60 min. The supernatants were kept at 0 C until analyzed for malic enzyme (EC 1.1.1.40), isocitrate dehydrogenase (EC 1.1.1.42), glutamic-oxaloacetic transaminase (EC 2.6.1.1), and fatty acid synthetase activities (Rosebrough et al., 1982) . Enzyme activities were noted as micromoles of either reduced or oxidized nicotinamide adenine dinucleotide phosphate produced per minute at 25 C. Activities are presented per unit of cytoplasmic protein and per liver.
Data were analyzed as a split plot with environment being the whole plot and dietary treatments being the split plot (Kirk, 1968) . The sum of squares for hens within environments was partitioned to test the homogeneity of the variances in the two environments, and if found to be equal, these two were pooled to form the mean square hens within environments error term. This term was used to test the significance of the whole-plot effect (environment). The split-plot effect (diets) was tested with the diet X hens within environments interaction. In practice, these two error terms could be pooled if the test of the whole plot error term by the split error resulted in nonsignificance (P<.25).
RESULTS AND DISCUSSION
Effects of temperature and fat level on energy consumption, egg production, and reproductive parameters of Large White turkey hens are presented in Table 2 . Hens consumed more energy (P<.05) when maintained at a constant (21 C) than cyclic (12 to 27 C) tern- perature. Energy source did not affect consumption at a constant temperature, yet diets containing 47% of the total metabolizable energy as fat decreased energy consumption of hens in the cycling environment. Thomason et al. (1972) reported that turkey hens maintained at 12.8 C consumed more and at 29.4 C less feed than hens maintained at 21.1 C. Because these workers used isocaloric diets, it is assumed that energy consumptions varied. Egg production, based on the original number of hens housed, revealed a significant (P<.05) effect of energy source on hens maintained at a constant but not at a cyclic temperature. Conversion of data to reflect actual henday production was accomplished by discounting deaths, broodiness in hens, and pauses in egg production greater than 2 weeks and revealed no significant dietary treatment effect. Hens maintained under the cyclic temperature regimen produced more (P<.05) eggs than the hens maintained at a constant temperature. After 100 days of egg production, only 6% of the hens under the cyclic temperature were not producing eggs as compared with 40% nonproducers in the constant temperature environment.
We found a higher percentage hatch of fertile eggs from hens in the cyclic temperature regardless of the level of dietary fat. Marsden et al. (1966) subjected Beltsville Small White turkey hens to either a constant (18.3 C) or uncontrolled "outside" environment (summer to fall) and found no difference in fertility or hatchability between these two environments. Cherms et al. (1976) have reported that eggs from hens maintained in a constant environment had a poorer hatching rate than eggs from hens maintained under more natural environmental conditions. Effects of both diet and temperature regimen upon in vitro lipogenesis in Large White hens are illustrated in Table 3 . Data are presented for carbon flux as a function of the whole liver and per unit of dry, fat-free liver. The high-fat diet decreased (P<.05) de novo lipogenesis, and the magnitude of the difference was greater in hens maintained in the cyclic environment. The high-fat diet decreased liver respiration in those hens maintained in a constant environment but not in hens maintained in a cyclic environment. The equal fatty acid: C0 2 ratios in the constant environment suggest respiration-linked lipogenesis, and the dissimilar ratios in the cyclic environment suggest a limitation imposed by cytoplasmic coenzyme A availability (Leveille et al, 1975) . Balnave et al. (1978) reported that ovariectomy inhibited de novo lipogenesis and decreased the maintenance energy requirement of hens. If the energy required to produce an egg is constant regardless of diet, substitution of fat for carbohydrate calories should enhance efficiency because esterification of existing fatty acids requires less energy than does de novo synthesis. Indeed, Weiss et al. (1967) proposed that laying hens fed large amounts of dietary fat deposited, intact, dietary fatty acids into the egg. We suggest that the decrease in energy intake noted in hens fed a diet containing 47% fat calories may relate to a lower maintenance requirement due to a partial block in de novo lipogenesis. Indeed, we noted that hens fed high-fat diets were heavier and laid more eggs yet consumed less energy than hens fed a lowfat diet. Mateos and Sell (1980) have also proposed two mechanisms explaining the advantages of fat calories; 1) a synergism may exist between saturated and unsaturated fatty acids and 2) fat may increase digestibility of other dietary components.
The environmental treatments had no effect upon liver composition or enzyme activities; therefore, we pooled the data to strengthen the comparisons for measurements concerning dietary energy (Table 4) . Hens fed the low-fat diet (8% of total calories) had heavier (P<.05) livers that contained more (P<.05) lipid than those of hens fed the high-fat diet (47% of total calories). Although the diet and fat level 1 Unit of activity is that amount of enzyme catalyzing the reduction or oxidation of the appropriate nucleotide at 25 C. FAS = Fatty acid synthetase, ME = malic enzyme, NADP-ICD = isocitrate dehydrogenase, GOT = glutamic oxaloacetic transminase.
*Difference between treatment means exceeds that required for significance.
did not affect either cytoplasmic protein or liver glycogen, fatty acid synthetase (FAS), malic enzyme (ME), isocitrate dehydrogenase (NADP-ICD), and glutamic oxaloacetic transaminase (GOT) activities were greater per liver (P<.05) in hens fed the low-fat diet. A further examination of activities per milligram of protein revealed that although FAS and ME activity per unit of cytoplasmic protein were increased as a function of dietary energy, ICD and GOT were not.
In summary, we have shown that Large White turkey hens performed better in a cyclic rather than in a constant environment. Hens consumed less energy and produced more eggs when housed in a cyclic environment. We also noted that more of the fertile eggs from cycled hens resulted in live poults and suggest that further research is warranted on the role of maternal environment on incubation performance. Finally, we found a decrease in lipogenesis in hens fed the higher-fat diet and speculate that lipogenesis in egg-producing turkey hens may be a component of the maintenance energy requirement and subject to dietary manipulations.
